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24-Subg
Effect of Non-Linear Elasticity of Skeletal Myosins on Force Generation
in Muscle
Motoshi Kaya1, Hideo Higuchi2.
1Physics, University of Tokyo, Tokyo, Japan, 2University of Tokyo, Tokyo,
Japan.
During muscle force generation, an elastic energy stored at the compliant re-
gion of myosin head is a source of mechanical work against the external envi-
ronment. Thus, this elastic distortion of myosin molecule was modeled as an
essential mechanical element of the force generation driven by the crossbridges
(Huxley, 1957). In the crossbridge model, the central assumption of the con-
stant stiffness implies that the negatively-strained myosins must be detached
at much higher rate than the positively-strained myosins to avoid the significant
drag effect. However, the molecular studies on processive motors, such as ki-
nesin and unconventional myosins, show that the assemblies of these motors do
not seem to impede the molecular interactions, although they have much higher
duty ratio and thus, a higher chance to cause the molecular interference. Re-
cently, we found that skeletal myosins have the non-linear elasticity, in which
stiffness is much higher when they are positively-strained and lower when
negatively-strained. Therefore, this non-linear elasticity seems to be the essen-
tial and complementary property of motors to avoid the drag force generation in
the motor assembly. We have currently worked on the theoretical model to in-
vestigate the effect of non-linear elasticity on the force generation, particularly
the force-velocity relationships and the T1-T2 curves obtained from the muscle
fiber quick release experiment.
25-Subg
Life of a Single Dynein during Meiotic Nuclear Oscillations
Vaishnavi Ananthanarayanan1, Nenad Pavin2, Iva Tolic-Norrelykke1.
1Max Planck Institute, Dresden, Germany, 2University of Zagreb, Zagreb,
Croatia.
Cytoplasmic dynein is a motor protein that exerts force on microtubules and in
doing so, drives a myriad of intracellular activities from mitotic spindle posi-
tioning to chromosome movements in meiotic prophase. To exert force on mi-
crotubules, dynein needs anchorage, which is typically found at the cell
cortex. The key question is how dynein finds the sites where a microtubule
and an anchor protein are close enough for dynein to link them and subse-
quently pull on the microtubule. Here we directly observe single dyneins in
fission yeast and show that they attach in two steps, first from the cytoplasm
to a microtubule and then also to cortical anchors. Upon attachment to the mi-
crotubule, dynein moves in a diffusive manner along the microtubule. This is
a surprising finding for a minus end directed motor and may help dynein to
find cortical anchors. Our work demonstrates that dynein performs three-
dimensional diffusion in the cytoplasm and one-dimensional diffusion along
the microtubule to find sites where it can exert pulling force on the
microtubule.
26-Subg
Half-Site Inhibition of Kinesin-1 by a Single Tail Domain, Sometimes One
is Enough
David D. Hackney.
Carnegie Mellon Univ., Pittsburgh, PA, USA.
Isolated kinesin-1 is autoinhibited through binding of a region in the C-termi-
nal tail domain to the N-terminal head (motor) domains. Although the heavy
chain dimer has two head and two tail domains, the stoichiometry of binding
when expressed separately in trans is one tail peptide per two heads. Both mo-
nomeric and dimeric tail domain constructs have similar affinity for a dimer of
heads, indicating that the second peptide in a tail dimer does not contribute
significant additional free energy to the interaction. The recent solution of
the X-ray structure (Kaan et al., Science 333, 883 (2011)) of a complex of
one tail domain and a dimer of heads suggested a ‘double lockdown’ mecha-
nism in which ADP release is likely inhibited because the coupled undocking
of the neck linker cannot occur while maintaining both the cross link between
heads at the coiled coil neck and the new cross link provided by the tail do-
main that bridges two heads. This result stimulates a number of new questions
that will be addressed. If only one tail is interacting strongly with the heads,
what is the other tail peptide doing? Can it bind to cargo or regulators while
the other peptide remains bound to the heads? One approach is to produce
heterodimer tails with mutations that allow only one peptide to bind to
heads, while introducing probes into the other tail to test for its binding inter-
actions.27-Subg
Myosin V as a Point-to-Point Organelle Transporter
John A. Hammer, Ph.D.,1, Wolfgang Wagner2, Stefan D. Brenowitz2,
Xufeng S. Wu2, Goeh Jung2.
1Laboratory of Cell Biology, NIH, Bethesda, MD, USA, 2NIH, Bethesda,
MD, USA.
Mice that lack myosin Va (dilute mice) exhibit two striking phenotypes-
a dilution of coat color and severe ataxia. Regarding the first phenotype, we
previously demonstrated that the myosin cooperates with long-range,
bidirectional, microtubule-based transport to position melanosomes at the
melanocyte’s dentritic tips, the site of melanosome transfer from the melano-
cyte to the keratinocyte (the Cooperative-Capture Model) (J. Cell Biol. 1998,
143:1899). These and other results have contributed to the current debate as
to whether type V myosins in higher eukaryotes function as vesicle transporters
or as dynamic vesicle tethers. Regarding the second phenotype, we have now
demonstrated that myosin Va serves as a point-to-point transporter to carry
the ER into the dendritic spines of cerebellar Purkinje neurons following its
long-range transport out dendrites via microtubule motors (Nature Cell Biol.
2011, 13:40). That the myosin actually moves the ER in vivo is supported by
several results, the most convincing of which is that in dilute Purkinje neurons
rescued with slow versions of myosin Va (lever arm truncations, a switch 1 mu-
tant), the speed of ER tubule transport into spines is slowed correspondingly.
Moreover, we show that this myosin Va-dependent ER targeting is required
for the local calcium transient downstream of strong spine activation that un-
derlies synaptic plasticity/learning and, hence, normal coordination. These re-
sults, together with another recent study from our lab demonstrating that the
Dictyostelium type V myosin MyoJ drives the cortical translocation of contrac-
tile vacuole membrane tubules (J. Cell Biol. 2009, 186:555), argue that, as in
yeast, type V myosins in higher eukaryotes can serve as point-to-point organ-
elle transporters.
28-Subg
Building Complexity to Understand Myosin V Cargo Transport
Kathleen M. Trybus.
Molecular Physiology, University of Vermont, Burlington, VT, USA.
There is a large gap between the conditions we use to study molecular
motors in vitro, and the motor walking in a cellular environment. For simplic-
ity, in vitro experiments on myosin V generally use single constitutively
active truncated motor constructs that walk on individual bare actin filaments.
Within the cell, however, actin generally has bound tropomyosin. Full-length
motors are regulated by a folded-to-extended conformational transition, and
adapter proteins that link the motor to cargo can affect this conformational
transition. Adapter proteins, or the cargo itself, can also recruit multiple motors
to improve the efficiency of cargo movement. The theme of this talk is that
by re-creating a more native myosin complex and actin track, unexpected
properties of the motor emerge that are likely to be important for cellular cargo
transport. Several different class V myosins will be used to illustrate these
principles.
Subgroup: Biological Fluorescence
29-Subg
Drug and Gene Delivery with ‘‘Smart’’ Nanoparticles and Live Cell
Imaging
Christoph Braeuchle.
Ludwig-Maximilians-University Munich, Department of Chemistry
and Center for Nanoscience (CeNS), Munich, Germany.
Highly sensitive fluorescence techniques, such as single molecule and single
particle tracking are used to follow the uptake and trafficking of nanoparticles
in living cells. Due to the high temporal and spatial resolution of the particle
trajectories, recorded in real time, mechanistic details of these processes are
revealed. Nanoparticles consisting of DNA complexed by cationic polymers
(polyplexes) and functionalized with cell-specific ligands for targeting are
investigated[1]. Furthermore, mesoporous silica nanoparticles[2] are observed,
which contain the drug inside the porous network of nanometer-sized channels
and show triggered release upon e.g. cell signalling[3].
In all these applications live cell imaging is used to understand the mechanistic
processes of uptake, trafficking and interactions of the nanoparticles with cell
components in order to improve the efficiencies of the nanoparticles as drug-
delivery systems.
[1] K. de Bruin et al., Mol. Therapy, 15 (2007), 1297; K. de Bruin et al., J.
Contr. Release, 130 (2008), 175; A. Sauer et al., J. Contr. Release, 137
(2009), 136; F.M. Ko¨nig et al., J. Contr. Release, (2011), accepted.
6a Saturday, February 25, 2012[2] A. Zu¨rner et al., Nature 450, (2007), 705; J. Kirstein et al.; Nature Mat.
6, (2007), 303; C. Jung et al., Nature Nanotechnology 6 (2011), 87.
[3] T. Lebold et al., NanoLetters 9 (2009) 2877; V. Cauda et al., NanoLetters,
10 (2010), 2484; A. Sauer, NanoLetters, 10 (2010), 3684; T. Lebold et al.,
Advanced Functional Materials, (2011) accepted.
30-Subg
Advances in Image Correlation Spectroscopy for Measurements in
Heterogeneous Cell Environments
Paul W. Wiseman, Ph.D.
Physics, McGill University, Montreal, QC, Canada.
Image correlation spectroscopy (ICS) methods provide a spatial regime based
approach for measurements of membrane associated protein-protein interac-
tions and macromolecular transport properties using fluorescence microscopy
images of living cells as input. These approaches are based on space and
time correlation analysis of fluctuations in fluorescence intensity within images
recorded as a time series on a laser scanning or TIRF microscope. We recently
introduced spatio-temporal image correlation spectroscopy (STICS) which
measures vectors of protein flux in cells based on the calculation of a spatial
correlation function as a function of time from an image time series. Here
we will describe extensions of (ICS) that are suited for measurements in the
heterogeneous cell environment. We will introduce a two color extension,
spatio-temporal image cross-correlation spectroscopy (STICCS) with a bivari-
ate fitting method that accounts for directional confinement in the cell. We will
illustrate the method with transport maps of the adhesion related macromole-
cules alpha5, alpha6 and alphaL integrins with paxillin, and actin within, or as-
sociated with the basal membrane in adherent cells plated on extracellular
matrix components laminin, collagen or fibronectin. Using the method we de-
tect transient flow patterns as well as anisotropic diffusion that are correlated
with adhesion fluxing activity in specific regions of the cell. Finally we will
also highlight recent advances we have made with an extension of reciprocal
(k-) space ICS (kICS) that can be used to measure molecular confinement in
membrane domains from analysis of the correlation functions in both k-space
and time.
31-Subg
Invited Saturday Subgroup Speaker Fluorescent Proteins: The ShowMust
Go On!
Gregor Jung.
Biophysical Chemistry, Saarland University, Saarbruecken, Germany.
A half century ago, Green Fluorescent Protein (GFP) from a pacific jellyfish
was isolated as byproduct in the purification of the chemiluminescent protein
Aeqourin. While the latter was later turned into a calcium-sensitive probe,
GFP was treated like a fluorescent curiosity in biophysical research for almost
three decades. Once it was recognized that fluorescence appears without the
need of cofactors, the transfection into other organisms proved the autocatalyt-
ical character of chromophore formation and boosted the research in life sci-
ences. The discovery of the GFP, its first, seminal application and the
ingenious development of a broad palette of fluorescence proteins, was conse-
quently awarded with the Nobel Prize for Chemistry in 2008.
In my presentation, I will review the highlights in the history of GFP and other
fluorescent proteins from a spectroscopist’s point of view. Furthermore, open
questions and new ideas how fluorescent proteins can be turned into biosensors
will be discussed.
32-Subg
Color Coded Optical Nano-Sectioning (COCOS) Reveals Focal Adhesion
Dynamics
Kareem Elsayad1, Alexander Urich2, Maria Nemethova3, Victor Small3,
Karl Unterrainer2, Katrin Heinze, Dr.1,4.
1IMP-Research Institute of Molecular Pathology, Vienna, Austria, 2Photonics
Institute, Vienna University of Technology, Vienna, Austria, 3IMBA -
Institute of Molecular Biotechnology GmbH, Vienna, Austria, 4Optical
Engineering, Rudolf-Virchow-Center, DFG research center of experimental
medicine, Wu¨rzburg, Germany.
We present a fast imaging technique for performing high contrast microscopy
and optical nanosectioning in the sub-100 nm vicinity of a biocompatible
metal/dielectric coated substrate. The technique makes use of the distance de-
pendent interactions of excited fluorophors with surface plasmons and polari-
tons of the coating: The fluorophor’s emission spectrum changes with its
distance from the substrate and thus allows inferring the molecule-substrate dis-
tance with a 50 times higher precision than the diffraction limit.
Qualitatively, a COCOS image has a similar appearance to a typical Total
Internal Reflection Fluorescence Microscopy (TIRFM) image however con-tains spectral information that provides an effective axial resolution in the
nanometer over the range of the evanescent (surface plasmon polariton)
field.
The technique is demonstrated for tracking the axial dynamics of GFP-Paxillin
and other complexes at the adhesion sites of migrating fibroblasts with approx-
imately 10 nm axial localization precision. Our results for the average separa-
tion of the protein from the intercellular matrix are consistent with suggestions
from previous studies and show periodic fluctuations in the axial position pre-
viously inaccessible. The proposed technique is likely to find a wide range of
applications due to its practical simplicity and compatibility with established
fluorescence methods.
Subgroup: Membrane Structure & Assembly
33-Subg
Accelerating Membrane Insertion of Peripheral Proteins with a Novel
Membrane Mimetic Model
Emad Tajkhorshid, Ph.D.
Department of Biochemistry, and Beckman Institute, University of Illinois at
Urbana Champaign, Urbana, IL, USA.
Membrane binding and insertion of peripheral proteins constitutes a key step in
their function, both through localizing them into specific regions of the mem-
brane and often also regulating their activity. Characterizing membrane-bound
forms of peripheral protiens, however, has proven challenging both experimen-
tally and in simulations, with the latter being significantly hindered by the slow
dynamics of membrane reorganization. To expedite lateral diffusion of lipid
molecules without sacrificing the atomic details of such interactions, we have
developed a novel membrane representation, termed HMMM (Highly Mobile
Membrane Mimetic) to study binding and insertion of various molecular spe-
cies into the membrane. The model is based on the novel concept of molecular
fragmentation, i.e., representing the lipid molecules by smaller fragments that
faithfully preserve the interactions in a full membrane. The model takes advan-
tage of an organic solvent layer to represent the hydrophobic core of the mem-
brane and short-tailed phospholipids for the headgroup region. The model
describes spontaneous, rapid bilayer formation regardless of the initial lipid po-
sition and orientation, a phenomenon reported for the first time at an atomistic
level. In the HMMM membrane, lipid molecules exhibit 1-2 orders of magni-
tude enhancement in lateral diffusion, while the atomic density profile is essen-
tially identical to full-membrane models. Most importantly, the model is
extremely efficeint in capturing spontaneous binding and insertion of various
membrane-anchoring domains and proteins/peptides, e.g., coagulation pro-
teins, talin, alha-synuclein, and viral fusion peptide, consistently in multiple un-
biased simulations. The model and the applications will be presented and
discussed in this talk.
34-Subg
Flexible Surface Model for Membrane Lipid-Protein Interactions
Michael F. Brown1,2.
1Department of Chemistry and Biochemistry, University of Arizona, Tucson,
AZ, USA, 2Department of Physics, University of Arizona, Tucson, AZ, USA.
Membrane protein conformational changes, folding and stability, and mem-
brane fusion may all involve elastic deformation of the bilayer. The develop-
ment of solid-state deuterium NMR spectroscopy [1] provides a basis for
experimentally investigating lipid structure and dynamics under external forces
due to temperature, osmotic pressure, or lipid composition. Deuterium NMR
relaxation illuminates long-range collective lipid interactions [1]. Non-
specific properties of the bilayer play a significant role in modulating protein
conformational energetics [2]. A flexible-surface model (FSM) describes the
balance of curvature and hydrophobic forces in lipid-protein interactions.
The FSM describes elastic coupling of membrane lipids to integral membrane
proteins. Curvature and hydrophobic matching to the lipid bilayer entails
a stress field that explains membrane protein activity and stability [3]. Rhodop-
sin provides an important example, where solid-state NMR studies [4,5] and
FTIR spectroscopy [6] characterize the energy landscape of the dynamically
activated receptor. Upon light activation rhodopsin becomes a sensor of nega-
tive spontaneous curvature [2]. Time-resolved UV-visible and FTIR spectro-
scopic studies show how membrane lipids forward or back-shift the
metarhodopsin equilibrium due to chemically non-specific material properties
[2]. Influences of bilayer thickness, nonlamellar-forming lipids, detergents, and
osmotic stress on rhodopsin function are all explained by the new biomembrane
model. By contrast, the older fluid-mosaic model including lipid rafts fails to
account for such effects on membrane protein activity. According to the
FSM, proteins are regulated by membrane lipids whose spontaneous curvature
